The spatial and temporal development of self-focusing of light pulses is investigated. The beam diameter in CS2 and molten para-di-chlorobenzene decreases with increasing incident laser power to small values in good agreement with theory. The strong influence of beam divergence, nonlinearity of refractive index, and absorption on self-focusing action is found to agree well with numerical calculations. It is shown that both backward stimulated Brillouin and Raman scattering terminate the self-focusing process.
I. Introduction
If light of high intensity propagates through a medium with an intensity-dependent refractive index, self-focusing occurs [1] [2] [3] . The diameter of the light beam shrinks to a small limiting value. Depending on the experimental conditions either a moving focus 4 is observed, or the light is found to propagate in filaments of small diameter 5 . Most of the experimental investigations are concerned with these intense self-trapped light filaments 6 . Only recently experimental results on the self-focusing process have been reported. MCALLISTER et al. 7 Radiofiz. 7,564 [1964] .
No information on the spatial development of the self-focusing process was given. In these papers the onset of stimulated Raman scattering was taken as an indication for the occurrence of self-focusing action. The self-focusing length was measured as a function of incident laser power for different substances, and good agreement with theory was found 14 . Measurements of the threshold power as a function of the nonlinearity of the refractive index in liquids were also in accordance with theoretical calculations 15 . This paper presents detailed investigations of the spatial and temporal development of the self-focusing process. Experiments are performed in transparent and absorbing liquids and compared quantitatively with theory. In Sec. II, numerical solutions of the wave equation are given for the case of selffocusing of divergent light beams. Problems concerning the comparison between experiments and theory are discussed in Sec. Ill, followed by a description of the experimental apparatus in Sec. IV. The experimental results are treated in Sec. V and summarized in Sec. VI.
II. Theory of Self-Focusing of Light
The propagation of light in a medium is described by Maxwells equations, which lead to the wave equation 2 for the electric field E Here a is the absorption coefficient and c the velocity of light in vacuum. In Eq.
(1), the dielectric constant £ was assumed to depend on the electric field as £ = £0 + e2 E 2 .
Since, in the present paper, self-focusing action is investigated only in the region of relatively large diameters and correspondingly low intensities, it is justified to neglect higher terms in the expansion of £. The measurements are made in CS« and molten para-di-chlorobenzene, both liquids having molecules with highly anisotropic polarizability. In these liquids the major contribution to the nonlinearity of the dielectric constant comes from the optical Kerr effect. £2 can be calculated from the Kerr constant 17 . The following numbers are used 18 ' 19 : CS2, £2 = 4.2 X 10 _11 cm 3 /erg; para-di-chlorobenzene (T = 70 °C), £2 = 2.9 x 10" 11 cm 3 /erg.
In solving the wave equation (1) linearly polarized plane waves with slowly varying amplitudes are considered. In the experiments we use light pulses which are long 500 cm) compared to the length of the nonlinear medium (~30cm). In addition, these pulses are long compared to the relaxation time of the Kerr effect 20 . The assumption of a quasi steady-state in the self-focusing action is a good approximation. By introducing normalized cylindrical coordinates with radial distance r = r/a, axial distance z = z/2 k^a 2 , absorption coefficient a = 2 ki a 2 a, and electric field E^ = (£2/2 ^o)' 2 « ^L = 2 kL (PL £2/C £0 5/I ) \ we obtain 21 -22 . 3El
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Here a is the l/e radius of the Gaussian intensity distribution of the incoming beam (see below), E^ and FL are the amplitude of the laser field and the laser power, respectively, and kL = l/ c o ®L/ c is the wave vector. Equation (3) is transformed into a difference equation 21, 22 , which is solved numerically with a computer for the following experimental situation: A light beam characterized by a power, by an intensity distribution over the cross section, by a beam diameter and a divergence is incident on a medium of length I (see Fig. 1 ). The initial conditions of the calculations are given by the properties of the light beam at the entrance of the medium (z = 0). We are interested in the intensity distribution at the end of the medium (z -l). So far parallel incident light beams have been treated in the literature [21] [22] [23] [24] [25] effect of beam divergence is fully taken into account a drastic reduction of beam diameter and a strong because of its strong influence on the self-focusing increase of on-axis intensity (see Fig. 2 ). This type process. The laser beam is represented by a spherical of self-focusing is sometimes called catastrophicwave diverging from point z= -R (see Fig. 1 ).
focusing.
a a+Aa -R 0 I Fig. 1 . The divergent laser beam is approximated by a spherical wave originating from point z=-R. a and a-\-Aa are the 1/e radii at z = 0 and z = Z, respectively. This is a good approximation in our experiments since the distance between the laser and the liquid cell is large. Assuming a Gaussian intensity distribution over the cross section (as was measured in the experiments), we introduce the complex amplitude of a spherical wave
If no self-focusing occurs, the quantity R is determined from the 1/e radius at the entrace (a) and at the end (a+Aa) of the medium (see Fig. 1 ). R is given by a l/Aa. Equation (4) yields the complex amplitude at z = 0 E L (z = 0) = E U e-r 'l 2a \cos(kL r 2 D V/2 a)
The beam divergence is defined as D V = Aa/l, with the normalized value D V = D V(kLa/2) = Aa/4l. For a convergent, parallel, or divergent light beam Aa is negative, zero, or positive, respectively.
Using the initial conditions of our experiments, Eq. (3) has been solved numerically for self-focusing in transparent as well as absorbing media. A comparison with experimental results will be made in Sec. V.
Transparent Media
As a typical example for self-focusing in transparent media Fig. 2 shows the calculated intensity distributions at different distances z in CS2. The incident light beam is assumed to have a Gaussian intensity distribution with a diameter of 435 /u, a power of P^ =100 kW and a divergence of DV = 5 X 10 -4 rad (in the medium). The absorption of pure CS2 is neglected because it is very small (a ^ 10 -3 cm -1 ). In transparent media self-focusing has the following characteristic properties: there is In the following figures the normalized quantities introduced above are used at the lower scale. The numbers at the upper scale and in brackets correspond to a light beam of wavelength /L = 6943 Ä with a 1/e radius a = 261 f-i incident on CS2 .
In Fig. 3 parallel light beam (DV = 0) with = 3.8 (PL = 51 kW). Curves 2 and 3 correspond to divergent light beams ~DV = l(DV = 5x 10~4 rad) with#L = 5.0 and 3.8, respectively (PL = 89 and 51 kW). A comparison between curves 1 and 3 demonstrates clearly the striking influence of the beam divergence on the self-focusing action. With increasing divergence self-focusing is reduced. For a divergent beam more power is needed (curve 2) than for a parallel beam (curve 1) in order to get a strong increase of intensity and reduction of beam diameter.
Absorbing Media
Because of the strong intensity dependence of self-focusing a reduction of this effect is expected in lossy substances where part of the laser power is absorbed. Figure 5 shows a typical example of our numerical calculations. The normalized on-axis intensity is plotted as a function of normalized distance z for relatively high absorption (a/ = 4) and a laser field EL = 9.2 (PL = 300 kW) with a divergence DV = 1.0 (D V = 5 x 10 -4 rad in the medium). The solid line represents a nonlinear medium, the broken line a linear medium, where no self-focusing occurs. A comparison between these curves shows clearly the increase of on-axis intensity due to self-focusing. The intensity distribution at the end of the medium 1= 0.1518 (Z = 30cm) is given in the inset. It is evident that even in strongly absorbing media the beam diameter is reduced drastically by self-focusing. This type of self-focusing where, even for decreasing on-axis intensity, a reduced beam diameter is observed will be called weak focusing. Figure 6 shows self-focusing in absorbing media for different incident laser powers. The divergence of the laser beam is DV= 1, the absorption is a I = 4. In Fig. 6 a the normalized intensity in the center of the beam /m(^)//m(0) is plotted as a function of distance z. At small laser power (1) EL = 5.3 (PL=100 kW) /M(£) decreases monotonously. At higher power values (2) Eh = 10.6 (PL = 400 kW) a maximum is obtained where the self-focusing action is balanced by the absorption. It is seen from Fig. 6 b that even for decreasing on-axis intensity a reduction of beam diameter is observed due to selffocusing. A catastrophic focus is found only for high incident laser powers (3) EL = 11.23 (Pi = 450 kW). Here, the on-axis intensity increases drastically, similar to the case of transparent media. These results compare well with those of Refs. 22 and 25 which were obtained for different initial conditions. The numerical calculations described above show that even in strongly absorbing liquids self-focusing of light plays an important role if the incident laser power is high enough.
III. Comparison between Theory and Experiments
As shown in the preceding section, on-axis intensities and intensity distributions over the cross section are readily calculated from theory. However, experimentally power and energy values are measured instead of intensities. Photocells determine the integral of the intensity over the beam area, i.e. the power; photographic plates measure the integral of the intensity over the time, i.e. the energy per cm 2 . For a quantitative comparison with experiments the theoretical results have to be integrated over time or beam area.
The integration over time was done by approximating the laser pulse with rectangles of width At; (see Fig. 7 ). Assuming a quasi steady-state behavior 20 of the self-focusing process, the intensity distribution /*(r) at the end of the medium was calculated for each rectangle. The total energy density is obtained as the sum over the individual contributions D(r)^ 2 Ii(r) At(. This value will be comi pared directly with the measured curves in Sec. V,l. Time-resolved measurements of self-focusing are described in detail in Sec. V,2 (see also Fig. 14) . Part of the transmitted light in the center of the beam is coupled out by a mirror. Its power Pc is measured with a fast photocell and an oscilloscope. For a comparison between theory and experiments the intensity distribution at the end of the medium is calculated for different incident laser powers and integrated over the area of the mirror (radius rc). The result is shown in Fig. 8 . The light beam has a divergence of DV = 1.0 (DV = 5x 10~4rad), the length of the medium is 7=0.1518 (/ = 30cm), the radius of the mirror is fc = 0.368 (rc = 95 ju). The normalized power in the center of the beam increases nonlinearly with the laser power EL 2 ~ PL . In a non self-focusing medium E 2 rises linearly (see broken line in Fig. 8 ).
Using Fig. 8 it is possible to predict Pc as a function of time, if the time dependence of the laser power Pl is known and a quasi steady-state behavior is assumed. In Sec. V,2 the theoretical results are compared with the experiments.
IV. Experimental
For the experimental investigations a giant-pulse ruby laser with a plane resonator was employed. Transverse and longitudinal mode selection was obtained by using a diaphragm in the resonator and a Fabry-Perot etalon as the front mirror. The laser emitted light of a single frequency with a spectral width of less than 0.01 cm -1 . The intensity distribution over the cross section was nearly Gaussian. The peak power was 500 kW and the pulse duration was 15 -20 nsec. The laser light was linearly polarized and had a divergence DV = 3 X 10~4 rad.
The light power was measured with fast photocells and oscilloscopes (risetime ^0.3 nsec). The photocells were calibrated with a laser calorimeter 26 . The accuracy of the measurements of the absolute power values was approximately 20%.
V. Experimental Results and Discussion
Most of the papers on self-focusing are concerned with the region of limiting diameters 6 ' 27 . Because of the high intensity (>10GW/cm 2 ) in this region stimulated scattering processes occur. The interaction between self-focusing and stimulated scattering processes is quite complicated. It is difficult to get quantitative information on this region. On the other hand, a quantitative comparison between theory and experiment is obtained more readily in the region of relatively large diameters. Our experiments are confined to this region. They were performed in transparent and absorbing liquids under widely varying experimental conditions.
Photographic Investigations of Self-Focusing
The experimental set up is shown schematically in Fig. 9 . The distance between the giant pulse ruby laser and the liquid cell is large in order to avoid multiple stimulated Brillouin scattering 28 . The beam diameter (full width at half maximum intensity) is reduced by an inverted telescope to d0 = 435 /u, at the entrance window of the liquid cell. The beam We determined the time-integrated intensity distribution of the laser beam at the exit window of the liquid cell. Near-field photographs were taken for different incident laser powers PL • After calibrating the photographic plate with laser light, the time-integrated intensity distributions (or energy density distributions) were determined from microdensitometer traces.
In Fig. 10 a and b two examples are shown for CS, . For a maximum transmitted laser power of P5? ax = 51 kW self-focusing is very weak. In striking contrast a drastic reduction of beam diameter and an increase of on-axis intensity occurs for P™ ax = 89 kW. The solid lines represent the microdensitometer curves (they are in the linear range of the density curve of the photographic plate), the broken lines are determined by numerical calculations. Both curves are adjusted at the maximum. Since the photographic plate integrates over time, comparison is made with the calculated time-integrated curves as obtained in Sec. III. There is good agreement between both curves. Note that different ordinates were used in a) and b).
The experimental distributions at the exit window strongly deviate from a Gaussian, in agreement with theory. It should be noticed that focusing occurs mainly in the center of the beam, while the outer part is affected to a less extent.
b) Dependence of Beam Diameter on Laser Power
With the intensity distribution over the cross section of the beam obtained in the preceding section the beam diameter dcxv at the exit window was determined with an accuracy of approximately 20% (see Fig. 10 ). The intensity distribution, the incident (PL) and transmitted (PT) laser power, the backward scattered Raman (PP) and Brillouin (Pß) power were measured simultaneously for each laser pulse. In Figs. 11a and b the beam diameter d (open circles) is plotted as a function of the maximum transmitted laser power P™ AX for CS2 and molten para-di-chlorobenzene. It will be apparent in Sec. V,2 that the maximum transmitted laser power PX AX not the maximum incident laser power P™* is the determining parameter for the occurrence of self-focusing. The solid line dca\ was calculated with a computer (see Sec. II. 1) considering the initial conditions (beam diameter d0 = 435 fx and divergence D V -5 X 10~4 rad in CS2). At small power values (no self-focusing) the beam diameter at the end of the cell is ~ 700 f-i because of the finite beam divergence. The experimental points represent timeintegrated values. The broken lines show the beam diameters d\nt obtained from the time integration discussed in Sec. III. In the following sections we compare experimental results with calculated curves which were not integrated over time, since there is only a small difference between t/cai and in Fig. 11 . for details see text.
RADIUS [n]
Next, the effect of a reduction of beam divergence on self-focusing will be discussed. The distance between lenses Li 1 and Li 2 of the telescope in Fig. 9 was equal to the sum of their focusing lengths. When this distance is slightly increased the beam divergence is reduced. It is possible to have the beam diameter approximately constant along the length of the (empty) cell. Self-focusing was investigated with this "parallel" beam. The diameter at the exit window was measured as a function of laser power. The experimental points (•) are shown in Fig. 11 together with the calculated curves c?Pian (dotted lines) where plane waves were used as initial conditions (d0 = 435 ju, D V = 0).
The agreement between the experimental points and the calculated curves is good in CS2 and paradi-chlorobenzene both for divergent and "parallel" incident light. It should be noted that no fitting parameters were used in Fig. 11 . Each experimental point corresponds to a single laser pulse; there was no averaging over many laser pulses. In agreement with theory, the experimental results show clearly that self-focusing of light is very sensitive to changes of beam divergence as well as to the nonlinearity of refractive index. For a parallel beam the laser power necessary to obtain the minimum diameter of 5 ju is smaller by a factor of approximately 2 compared to that of a divergent beam (D V = 5 x 10~4 rad in CS2). This power level is lower in CS2 than in para-di-chlorobenzene because of the higher nonlinearity of refractive index in CS2 (see Sec. II) 31 .
For each laser pulse stimulated Brillouin scattering (SBS) and stimulated Raman scattering (SRS) in the backward direction were measured simultaneously with the beam diameter. Three different regions A, B, and C can be distinguished in Fig. 11a for CS2. We discuss here the divergent beam, but similar results are obtained for the parallel beam. A) At moderate laser power levels, ?T ax <80 kW, no stimulated scattering processes are observed, i.e. their power values are below the sensitivity of the fast detection system. B) At an intermediate power range, only SBS is seen. From additional experiments 11 (where a photomultiplier was used) we know that SRS occurs.
31 From a comparison with our computer calculations it is seen that the dependence of self-focusing action on beam divergence and nonlinearity of refractive index is described qualitatively by the approximate analytical solutions given e. g. in Ref. 3 .
The power values are too low for detection with the fast photocells used in the present investigations. C) At high laser power, ?r x >100kW, SRS in the forward and backward direction and subsequently SBS is observed. The onset of these processes is discussed in detail in Ref. 11 . Our computer calculations of the self-focusing action are not applicable in that power range since the processes limiting the beam diameter are not known. In addition, the interaction of laser light with the scattered light was not considered in our calculations.
In para-di-chlorobenzene SRS and SBS were seen only in the region of limiting diameter 5 /x (/f ax >140kW for divergent laser light, ?r x >70 kW for a parallel beam, see Fig. lib ).
c) Beam Diameter in Absorbing CS2
The experimental set up for the investigation of the beam diameter in absorbing CS2 is the same as in Fig. 9 . The intensity distributions and beam diameters are determined from microdensitometer traces of the photographic plates. We investigated solutions of iodine in CS2 with different absorption coefficient a. The length of the liquid cell was Z = 30cm, the beam divergence D V = 5 x 10 -4 rad (in CS2) and the diameter d0 = 435 /u.
In Fig. 12 the beam diameter d at the exit window is plotted as a function of maximum transmitted laser power P™ x e l1 for transparent CS2 (O) and CS2:I2(®). The absorption was relatively large a / = 4, i.e. the power transmission of the cell was only 2%. The solid curves were calculated according agreement between theory and experiments is quite good both for transparent and absorbing CS2 . It should be noted that experimentally a reduction of beam diameter up to a factor of 4 is observed inspite of the high absorption al = 4. This behavior is expected from theory as was discussed in Sec. 11,2. SBS was observed only at the highest laser power ( > 450 kW) ; SRS was not detected with fast photocells.
The reduction of the self-focusing action expected for increasing absorption was checked by measuring the beam diameter as a function of absorption a I at constant incident laser power. A laser power of 100 kW was used, since no stimulated scattering processes occured in the entire absorption range at this power value. It should be noted that the incident beam diameter (d0 = 590 fx) in this measurement was larger than usual (d0 = 435 fx) while the divergence was smaller, D V = 3.6 x 10 -4 rad in CS2 . Stimulated scattering processes could only be observed at laser powers in excess of 100 kW.
Within the experimental accuracy of approximately 20% the measured points (O) shown in Fig. 13 are in good agreement with the numerical calculations (solid curve). It is clearly evident that the beam diameter increases from 300 fx to 600 fi when the absorption is increased to a I = 7 32 . 32 We investigated the beam diameter at the exit window of a cell filled with CC14 coloured by small amounts of iodine, where self-focusing is of minor importance at the laser power used. No increase of beam diameter due to thermal blooming 29 or stimulated thermal Rayleigh scattering 30 was observed for an absorption al = 4 at our highest laser power. Since the material parameters relevant for these processes have similar values in CC14 and CS2 we conclude that both effects are not important in absorbing CS2 . This conclusion is supported by the agreement between theory and experiments on self-focusing in absorbing CS2 . At higher laser power thermal blooming and stimulated thermal Rayleigh scattering are known to be present in absorbing CC14 (W. ROTHER and K. DAREE, private communication) .
Time-Resolved Investigations of Self-Focusing
No information on the time dependence of selffocusing is obtained from photographic investigations, since the photographic plate is a time-integrating device. It has been suggested 4 ' 13 that stimulated scattering processes influence strongly self-focusing of the laser beam. Our time-resolved measurements demonstrate the important role of SRS and SBS in a very direct way.
The experimental set up for measuring the time dependence of self-focusing is shown in Fig. 14 . It is similar to the apparatus of Fig. 9 , with the photographic plate PP replaced by a mirror S with a diameter of 2.5 mm. A microscope Mi produces a magnified image of the exit window at mirror S. At a magnification of 13, the diameter of the mirror Fig. 14 . Schematic of the experimental system for measuring the time evolution of self-focusing action. The exit window of the liquid cell is imaged through a microscope Mi to mirror S.
G2 glass plate; Ph2, Ph4 fast photocells; C camera.
corresponds to 190 fx at the exit window. The mirror only reflects the power in the center of the beam to photocell 4. The relative position of the laser beam and mirror S is controlled at each laser pulse by taking pictures with camera C. Photocell 4 measures the transmitted laser power Pc within a diameter of 190 fx. With increasing laser power selffocusing increases, i.e. more light is concentrated into the center of the beam (see Fig. 10 ). Signal Pc is, therefore, a measure of self-focusing action; it increases nonlinearly with laser power. The total time resolution of Ph 4 and oscilloscope was 0.5 nsec. The beam diameter at the entrance window was rf0 = 435 //, the divergence was D V = 5 X 10 -4 rad in CS2. a) Transparent CS2
In Fig. 15 three typical examples of the time dependence of self-focusing in CS2 are shown for three different laser powers. Fig. 15 a shows oscilloscope traces of the incident laser power PL » the total transmitted power P«p an d the signal Pc from photocell 4. In Fig. 15 b the Brillouin power Pß and the Raman power PR in the backward direction are depicted. All signals were measured simultaneously at one laser pulse. The three examples correspond to regions A, B and C in Fig. 11a . (solid lines) as long as no stimulated scattering processes occur. It should be emphasized that no fitting parameters were used.
The experimental and theoretical data yield the following result: As the incident laser power rises self-focusing is found to increase, i.e. the beam diameter is reduced and light is concentrated into the center of the beam. With subsequent reduction of laser power the beam diameter widens again and the on-axis intensity decreases.
When strong SBS or SRS is observed, the laser power decreases along the length of the cell. In this case the transmitted laser power was used for the calculations instead of the incident laser power, since for strong stimulated backward scattering the conversion into scattered light occurs within the first few cm of the cell (7 = 30 cm) 28 . We believe this to be a good approximation, because the laser power over the greater part of the cell is close to the small power level transmitted through the exit. It is seen from Fig. 15 that the transmitted laser power PT > determining the self-focusing action is substantially below the incident laser power PL when stimulated scattering processes occur; PT does not reach the maximum incident power level. The onset of stimulated Raman and Brillouin scattering is determined both by the transient behavior of SBS in that power range and the influence of self-focusing action; it will be discussed in detail in Ref. 11 . The deviations of the calculated from the measured values of Pc can be attributed to the fact that stimulated scattering processes were not considered in detail in our calculations. In addition to the variation along the length of the cell, the intensity distribution over the cross section is changed by these processes. The conversion of laser light into scattered light takes place mainly in the center of the beam where the intensity is high. The curvature of the laser intensity distribution is reduced here causing a smaller self-focusing effect. Therefore, signal Pc which measures the power in the center of the beam decreases more rapidly than the calculated curve. It is difficult to evaluate these two factors quantitatively since this would require a solution of the coupled differential equations for self-focusing and stimulated scattering processes.
It is somewhat arbitrary to define a time duration of the self-focusing action, since self-focusing starts at a low laser power, increases and decreases again at the end of the pulse. An "experimental" time duration may be defined as the interval of time when the beam diameter at the exit window is smaller than a definite, measurable fraction of its value without self-focusing. It is seen from Fig. 15 that the self-focusing action lasts for several nsec, even for high laser power (C). Signal Pc is the transmitted power integrated over a diameter of 190 /u. Variations of the beam diameter d are readily seen as long as d is not small compared to 190 ju. Rapid changes of small beam diameters, however, are not observed with this method. The duration of the limiting diameter was found in additional experiments, where only the highly divergent light emitted from this region was measured with a fast photocell, to be < 0.5 nsec, in agreement with previous measurements 4 ' 13 .
b) Absorbing CS2
We have carried out time-resolved measurements in absorbing CS2 for a/ = 2. The results are similar to those described in the preceding section for transparent CS2 . Again three different regions can be distinguished: A) No stimulated scattering processes (PL<150kW), B) only SBS, and C) SRS and SBS occur (PL>210kW). similar to transparent CS2 ( Fig. 15 A and B) . It is clearly seen from Fig. 16 that signal Pc exhibits a break when SRS and SBS are observed indicating a suppression of self-focusing action by these processes. A comparison between transparent and absorbing CS2 (Fig. 15 C and 16) shows only minor differences. Since the conversion into scattered light is smaller in absorbing CS2, self-focusing is not suppressed completely. A comparison between the measured (solid line) and calculated (broken line) curves of signal P(. indicates again satisfactory agreement (see Fig. 16 ).
Our time-resolved measurements in transparent and absorbing CS2 demonstrate that self-focusing of light beams at high intensities is strongly influenced by stimulated Raman and Brillouin scattering. Both processes reduce the laser power in the liquid cell and limit the time-duration of the self-focusing action.
VI. Summary
Numerical solutions of the wave equation were obtained for different initial conditions (divergence, diameter, and power of the light beam). The results were compared with experimental investigations of self-focusing in transparent and absorbing CS2 and molten para-di-chlorobenzene. Both the spatial and temporal development of the self-focusing process was determined.
With increasing laser power self-focusing leads to a strong increase of the intensity in the center of the beam while its outer portions are less affected. Measured and calculated intensity distributions over the beam cross section are in quantitative agreement. Due to the self-focusing action the beam diameter at the end of the medium decreases with increasing laser power to the limiting value of 5
The experimental results in CS2 and para-di-chlorobenzene are in good agreement with numerical calculations both for a parallel and a divergent incident laser beam. The drastic influence of beam divergence and nonlinearity of refractive index was demonstrated clearly by our measurements. In strongly absorbing liquids (power transmission of the medium only a few percent) the strong reduction of beam diameter due to self-focusing action was found to agree well with theory.
The time-resolved investigations of the self-focusing process in CS2 showed good agreement between
Introduction
Of the three types of apparatus, in regular use in thermal diffusion experiments, only two, the twobulb apparatus and the swing-separator, designed by CLUSIUS and HUBER 1 are fitted for a precise determination of the thermal diffusion factor, whereas the thermal diffusion column, invented by CLUSIUS and DICKEL 2 is more or less a production apparatus, very useful for the attainment of high separations between the components of a gaseous mixture, but too complicated in its functioning to permit a precise determination of the thermal diffusion factor from these separations. The need for a second apparatus beside the basic and well understood two-bulb apparatus arises from the fact that thermal diffusion is a second order effect and as such can be very small, making the separation obtained in a two-bulb apparatus too small for the evaluation of the thermal diffusion factor with a reasonable accuracy.
The swing-separator, on the other hand, has its own drawbacks. It produces a separation which is meant to be an exactly determined power of the elementary separation as measured in a two-bulb 
